Abstract. The mass assembly of a whole population of sub-Milky Way galaxies is studied by means of hydrodynamical simulations within the Λ-CDM cosmology. Our results show that while dark halos assemble hierarchically, in stellar mass this trend is inverted in the sense that the smaller the galaxy, the later is its stellar mass assembly on average. Our star formation and supernovae feedback implementation in a multi-phase interstellar medium seems to play a key role on this process. However, the obtained downsizing trend is not yet as strong as observations show.
Introduction
In the hierarchical Λ-Cold Dark Matter (Λ-CDM) scenario, the cold dark matter halos assemble on average first the smaller ones, and successively the larger ones (upsizing) . In this context, it is interesting to study whether the assembly of baryons and stars in galaxies exhibit similar trends to their halos. In fact, galaxy formation process implies much more physical mechanisms than the gravitational one (e.g., gas heating, dissipation, and infall, star formation and its feedback, active galaxy nuclei -AGN-feedback, among others), which on its own depend on halo mass and environment.
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From the observational point of view, there are increasing pieces of evidence that the specific star formation rates (sSFRs) of low-mass galaxies are very high since z ∼ 2 in the sense that they imply star formation rates (SFRs) much higher than their corresponding past average SFR; besides the less massive the galaxy, the higher on average its sSFRs (downsizing in sSFR; for a recent review and more references see Avila-Reese & Firmani 2011) . These results seem to imply that the smaller the galaxy, the later it had on average its active onset of SF and the faster is its late stellar mass (M * ) assembly history (MAH).
By means of full N-body + hydrodynamic cosmological simulations, we attempt to explore here how are the baryonic and stellar mass assembly of sub-MW galaxies (Milky Way-sized and smaller galaxies) and how do compare these assembly histories with those of their halos as well as with observational inferences.
Numerical simulations and galaxy sample
We performed numerical simulations consistent with the concordance Λ-CDM universe with Ω m = 0.3, Ω Λ = 0.7, Ω b = 0.045, a normalisation of the power spectrum of σ 8 = 0.9 and H 0 = 100 h km s −1 Mpc −1 with h = 0.7. These simulations were performed by using the chemical code GADGET-3 (Scannapieco et al. 2008) , which includes treatments for metal-dependent radiative cooling, stochastic star formation, chemical enrichment and supernovae feedback. No AGN feedback is included in our simulation.
The simulated volume corresponds to a cubic box of a comoving 10 Mpc h −1 side length. We analysed two simulations. The masses of dark matter and initial gas-phase particles are 5.93 × 10 6 M ⊙ h −1 and 9.12 × 10 5 M ⊙ h −1 , respectively (S230) and 2.20 × 10 6 M ⊙ h −1 and 3.40 × 10 5 M ⊙ h −1 , respectively (S320). Due to computational costs, we were only able to run S320 up to z=2. See De Rossi et al. (2010 Rossi et al. ( , 2012a for more details about these simulations.
Results and discussion
In Fig. 1 we show the change with redshift of the average simulated sSFR at different masses: for fixed bins of M * -the same ones at all epochs-, the average sSFR and its standard deviation are calculated at different epochs and plotted versus z (note that these results do not refer to individual evolutionary tracks -discussed in De Rossi et al. 2012b-but to population averages at different epochs). From Fig. 1 , we can appreciate that: (a) the average overall sSFR of the simulated galaxy population decreases significantly as z decreases, a factor of ∼ 15 since z = 2 to z = 0; (b) since z ∼ 2, at a given z, the less massive galaxies have higher sSFRs on average than more massive galaxies being this difference higher for lower z.
The curves without standard deviations plotted in Fig. 1 correspond to results from a parametric model of SFR and M * evolution specially tuned to fit observational inferences (see De Rossi et al. 2012b) . Note that simulated galaxies have lower sSFRs on average than the trends from observational inferences, this difference increasing as z is lower. This means that the assembly of M * by in situ SF of simulated galaxies tends to happen earlier on average than what 3 observations would suggest. On the other hand, our simulation results follow qualitatively the observed trend of higher sSFR as smaller is M * at low redshifts (downsizing in sSFR) and the flattening of this correlation for higher redshifts. Mean sSFR versus 1 + z for different fixed bins of log(M * /M ⊙ ): < 9 (dotted-dashed red line), 9 − 9.5 (dashed black line), 9.5 − 10 (dotted blue line), > 10 (solid pink line). The vertical lines denote the standard deviations associated to simulated values. The curves without standard deviations correspond to results from the parametric model tuned to fit observational inferences (see De Rossi et al. 2012b). As analysed in detail by De Rossi et al. (2012b) , for both the Millennium simulations and our one, massive systems assemble their virial masses on average slightly later than the less massive ones (upsizing), though in our case this trend is less pronounced. By comparing the average halo-to-galaxy stellar MAHs, we found that the upsizing trend of the halos tends to be reversed on average to a downsizing trend for M * in the sense that galaxies in the less massive halos tend to assemble their present-day M * later than those in the massive ones, on average. In particular, the redshift at which simulated M * attains 50% of its present-day value is on average z h,1/2 = 0.8 for halo masses log(M vir /M ⊙ ) < 10.5, and z h,1/2 = 1.3 for halo masses log(M vir /M ⊙ ) > 11.5. The reader is referred to De Rossi et al. (2012b) for more details and figures.
With respect to the baryonic mass assembly history as a function of mass, the trends do not differ significantly on average from the stellar one, i.e. the downsizing trend with stellar mass is roughly the same for the baryonic mass. Finally, the average stellar mass growth tracks inferred with a toy model of stellar mass assembly inside growing cold dark matter halos and constrained to reproduce the empirical sSFR(M * , z) and M * (M vir , z) relations, show a stronger
